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@ A proceaa lor preparing 1,7-octadlene. 

@ A process for hydrodlmerizlng butadiene to form 1,7- 
octadiene in high selectivity comprises hydrodlmerizlng 
butadiene in the presence of a palladium catalyst, a tertiary 
phosphine, formic acid, a solvent and in the absence of a 
base, characterized in that the solvent is a dialicyl sulphoxide 
and/or a dialicyl formamlde and the tertiary phosphine is a 
phosphlne of formula: 



aRaR,P 

^ wherein Rt is a benzyl group or a branched alkyl. allcanyl, 
aralkyi or cycloallcy I group having from 3 to 10 cart>on atoms 
gf^ with branching occurring at a carbon atom no more than 
8f two cart>on atoms from the phosphorous atom and Rs and 
2 Rs Ri or Independently are alkyl. alkenyi or aryl having 
^ from 1 to 10 carbon atoms. 

§ 
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A PROCESS FOR PREPARING 1 ,7-^CTADIENE 

The present invention is concerned vitb a process for 
preparing 1»7-octadiene by bydrodimerizin^ butadiene in the 
presence of a catalytic amount of palladium, a tertiazy phosphine» 
formic acid and a solvent. 
5 Linear dimerization of butadiene (l»3*-butadiene) provides a 

source of Cg-unsaturated hydrocarbon intermediates useful for the 
synthesis of diacids, diesters, diols or diamines. A partic\alarly 
preferred dimer is 1 ,7-octadiene which has terminal double bonds 
and allows the production of product having only teiminal functional 
10 groups . 

U.S. Patent Specification No. 3,732,328 discloses the prepare 
ation of mixtures of octadienes, primarily 1 ,6-octadiene , by re- 
acting biitadiene in the presence of a palladium confound, fomic 
acid, a polar solvent, a reducing agent and a tertiary phosphine. 

15 Trialkyl, mixed alkylaryl or triaryl phosphines are mentioned as 
useful, specifically noting triphenyl phosphines. The yield of 
1»7-octadiene is much lower than that of the present invention. 

Tetrahedron Letters No. 2, pp. l63-l6U discloses the 
production of mixtures of octadienes by reacting butadiene in 

20 the presence of palladium acetate, tripheoyl phosphine foxmc 
acid and dimethyl fozmamide. The yield of 1 ,7-octadiene is mach 
lower than that <f the present invention. 

Our co-pending Patent Application No • 792OOIU1 .U discloses the 
production of 1 ,7*octadiene by reacting butadiene in the presence 

25 of a palladium catalyst, tri-isopropyl phosphine, formic acid, 

a base and optionally a solvent . The present invention in contra- 
distinction operates without the presence of a base. 

The process of the present invention is concerned with the 
hydrodimerization of butadiene to 1 ,7-octadiene in high selectivity 

30 by hydrodimerizing butadiene in the presence of a palladium 

catalyst, a tertiary phosphine, formic acid, a solvent and in the 
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absence of a tase, characterized in that the solvent is a dialkyl 
sulphoxide and/or a dialkyl formamide and the tertiary phosphine 
is a phosphine of fomula: 

5 vherein is a "benzyl gro\rp or a branched alkyl, alkenyl, 
aralkyl or cycloaHcyl group having fl*om 3 to 10 carhon atoms 
with "branching occurring at a carbon atom no more than tvo 
carbon atoms fjrom the phosphorus atom and and are or 
independently are aUtyl, aUcenyl or aryl having from 1 to 10 

10 carbon atoms. 

If the palladium compotind added is a palladium tertiary 
phosphine complex then it is not necessary to add a separate 
tertiary phosphine • The use of the tertiary phosphine in com- 
bination with the solvents of this invention allows the hydro- 

15 dimerization reaction to be carried out in higa, yield without 
a base being required. 

The catalyst used in the process of this invention is 
palladium or a palladium compound coisplexed with a tris- 
organo phosphine. The palladiasn may be in any of its possible 

20 valence states, e.g., 0, +2, etc. Suitable palladium compounds 
include the palladium carboxylates , particularly palladium 
carboxylates derived f^om alkanoic acids containing up to six 
carbon atoms, such as palladium acetate, complexes, such as 
palladium acetyl acetonate, bis-benzonitrile palladium(Il) 

23 and lithium palladous chloride as well as the palladium 

halides, nitrates and sulphates, such as palladous chloride, 
palladium nitrate (PdCNOg^COH)^) and palladium sxilphate. 
Preferred catalysts are palladium acetyl acetonate or palladium 
acetate. Suitable reduced palladium-phosphine complexes are 

30 Pd{R2P)2 or Pd(R2P)2. A preferred coxnplex is Pd(0)-tri-isqpropyl 
phosphine. The palladium is present in the reaction mixture in 

catalytic amounts; preferably from about 1 to about 10"^ molar 

-1 -U 
and more preferably ' fjrom about 10 to about 10 molar. 
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The palladium compoimds cdnplexed vith a tris-organo 
phosphine are typically prepared by reatcting the tertiary 
phosphine vith the appropriate palladitm ccmpound as» for 
exaisple, represented Ify the following equations: 

5 2R3P + (PhCN),PaCl2 f (RgDgPdClg 

(RgDgPdClg + AggCO^ > {R3P)2PdC02 

(K^F)^^dO^ + SOg (R2P)2PdSO.i^ 

{K^F)^FdO^ + NgOj^ > (R^PjgPdCNOg)^ 

where R^P is the tris-organo phosphine of the invention, or 

10 may he made in situ hy adding the palladium coxapound and the 
phosphine directly to the reactor. 

The catalyst may be pretreated to enhance reactivity by 
contacting it vith a reducing agent at a temperature of trom 
about 20 to about 90^0 for from about 0.1 to about 5 hotirs. 

13 The reducing agent may be gaseous » solid or liquid. Exanrples 
of gaseous agents are hydrogen and carbon monoxide. Exazsples 
of liquid or soiid reducing agents are hydrazine, NaBHj^, NaOCH^, 
(isopropyl)^?, Cu, Na and alkyls, etc. The reduction may be 
carried out in a separate autoclave or preferably is carried 

20 but in the hydrodimerization reactor prior to the introduction 
of the butadiene. The palladim coii5>otmd-tri-organo phosphine 
cos^lex may be dissolved in the solvent used in this invention 
prior to reduction. 

The tris-organo phosphinos utilized in the process of this 

23 invention have the following general formula: 

R^RgR^^ 

wherein R^ is a benzyl group or a branched alkyl, aralJcyl, 
aLkenyl or cycloaTkyl group having from 3 to about 10 carbon 
atoms vith branching occurring at a carbon atom no more than 
30 two carbon atoms from the phosphorus atom and Rg and R^ are, R^ 
or independently are alkyl, alkexsyl or aryl groups having ftom 
1 to about 10 carbon atoms. 

3y branched is meant that the a- and 6-carbon atoms, 
relative to the phosphorus atom, of the stated grovqps may not 
35 hoth be -CHg-linkages . 
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Illustrative of the moiety are, for alkyl, isopropyl, . 
sec.-T^utyl, tert.-'butyl, isol3utyl, neopentyl, sec.-pentyl, 
tert.-pentyl, 2-inethylbutyl, sec.-hexyl, tert.-hexyl, 2-2-di- 
methylpropyl ; for araUcyl, alpha-methylbenzyl , capha^alpha- 
5 dimethyll^enzyl , alpha^aethyl-alpha-ethylhenzyl , . phenylethyl , 
phenylisopropyl, phenyl-tert, -"butyl; for cydoalkyl, cyclo- 
propyl, cycloTautyl, cyclopentyl, cyclohexyl, cycloheptyl and 
the like. 

IlluBtrative of and are, for example, methyl, ethyl, 

10 propyl, butyl, pentyl, hexyl, octyl, nonyl and decyl for alkyl; 
allyl, crotyl and methallyl for alkexayl and phenyl, tolyl, 
xylyl, ethylphenyl, propylphenyl for aryl. Two or more of the 
instant phosphines may he used in the same reaction or another 
phosphine may he replaced hy reacting in situ one of the instant . 

15 phosphines. Preferred phosphines are tri-isopropyl phosphine, 

tri-cyclohexyl phosphine, tri-tert .-hutyl phosphine, tri-sec.-hutyl 
phosphine, di-tert .-hutyl-normal-hutyl phosphine, and tri-isbhutyl 
phosphine, dicyclohexylalkyl phosphine, di-(tert •-hutyl) alkyl 
phosphine, di ( tert , -hutyl )alkenyl phosphine ,tert.-"butyldihenzyl . 

20 phosphine, tert.-butyldialkyl phosphine and mixtures thereof. 

The mol, ratio of tris-organo phosphine to palladium is at 
least 1. Preferahly, the zool. ratio of phosphine to palladium 
ranges from about 1 : 1 to about 20 : 1 and preferably from about 
2:1 to about 5:1* 

23 The solvents needed to provide the high yields of this in- 

vention aire selected from the group consisting of diallcyl 
sulphoxides and dialkyl formamides. The alkyl moieties have 
carbon numbers ranging from 1 to about 6» Included within the 
definitions of dialkyl would be polyalkylene , e.g., an alkyl 

30 group doubly attached to the stilphoxide or formamide group as, 
for example, tetramethylene sulphoxide, N-methyl pj-rrolidinone. 
Preferred solvents are dimethyl siLlphoxide and dimethyl formamide. 
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The addition of carbon dioxide to the reaction system has 
heen found to increase the extent of hutadiene conversion, hut 
does not affect the selectivity. When it is desired to use 
carhon dioxide to increase the conversion rate, the partial 
5 press\ire of the COg in the reaction system may he from ahout 
0.5 to ahout 70 hars. Since carhon dioxide is a hy-product 
of the process, it is possihle to generate sufficient carhon 
dioxide in situ to enhance the conversion rates. 

The process can he either continuous or hatch. The re- 
10 action tenqperature of the pracess is not critical, however, it 
is preferred to maintain the reaction "between ahout 0 to ahout 
lOO^C, preferahly hetween ahout 20 to ahout 70^0 • The process 
is conducted at the reaction temperature. Typically the pres- 
stire is autogeneous. 
15 The process of this invention is particularly useful when 

applied to a "butadiene/isohutane/n-hutenes (BBB) stream from 
an oil pyrolysis unit. These BBB streams are. the Cj^ cut from 
a thermal cracking unit typically containing 30-Uo)l hutadiene, 
20-35)f isohixtene and 20-30% n-hutenes and many other minor 
20 components. 

The process of this invention will now he illustrated 
hy reference to the following Examples. 

EXAMPLE 1 ^ 
To an 80 ml glass-lined autoclave were charged 2.7 x 10 

25 moles of the palladium compound listed in column 1 of Tahle I, 
5.U X 10"^ moles of tri-isopropyl phosphine, 1.85 x 10"" moles 
of formic acid, 2 g of hutadiene and 10 ml of the solvent 
listed in column 2 of Tahle I. The stirred reactor was heated 
to 60^C for 1 hoxrr. The reactor was then cooled and the product 

30 was analyzed hy gas chromatography. The results are shown in 
column 3 of Tahle I. 
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TABLE I 

Pd compound Solvent Butadiene conversion to 
U7-octadiene> % 

PdCAcAc)^ Dimethyl sxilphoxide 77 

PdCAcAc)^ Tetramethylene sxilphoxide 83 

PdCAcAc)^ Dinethyl formaadde 98 

5 PdCAcAc)^ H-methyl pyrrolidinone 75 

PdCAcAc)^ Dimetlayl acetaxnide 70 

PdCAcAc)^ pyridine 30 

Pd( AcAc ) 2 Tetrahydrofuran 2k 

Pd(AcAc)2 Quinoline 17 

10 Pd(AcAc)2 Sulfolane 3 

PdCAcAc)^ Nitromethane 0 

Pd(AcAc)2 Ethyl sulphide 0 

Pd(AcAc)2 None 0 

PdCOAc)^ "b) Dimethyl sulphoxide 78 

15 Pd(0Ac)2 Dimethyl formamide 66 

Pd(OAc)g N-methyl pyrrolidinone Uo 

Pd(0Ac)2 2,6-lutidine 35 

PdCOAc)^ Dimethyl acet amide U.5 

PdCOAc)^ Acetamide 0.8 

20 Pd(0Ac)2 Formamide 0 

PdCOAc)^ Acetonitrile 0 

PdCOAc)^ Dimethyl aniline 0 

PdS0|^ Dimethyl sulphoxide 68 

PdSOi^ Dimethyl f oimamide 98 

25 TdSO^ Pyridine I8 

PdSOij Tetrahydrofuraa 9 

Pd(lI02)2(0H)2 Dimethyl sulphoxide 21 

Pd(N02)2(0H)2 Dimethyl fonaamide 2 

PdCl2 Dimethyl fonaamide 0*9 

30 ^d{0^F)^ Dimethyl formamide 0.3 

* AcAc » acetyl acetonate; OAc = acetate; 

No (Isopropyl)^P added; 0^P represents triphenyl phosphine. 
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EXAMPLE 2 

To an 80 ml glass-lined autoclave were charged 2.5 x 10 
moles of the palladium confound listed in column 1 of Table II, 
5.U X 10""^ moles of tri-isopropyl phosphine, 1.85 x 10" moles 
of formic acid, 2 g of butadiene and 10 ml of the solvent listed 
in column 2 of Table II- The stirred reactor was heated to UO C 
for 2 hours. The reaction was then cooled and the product was 
analyzed hy gas chromatography. The results are shown in columns 
3 and »» of Table II. Tri-isopropyl phosphine and triphenyl phosphine are 
abbreviated by i-Pr^P and ^^P. 



Pd 



con^und 



Solvent 



TABLE II 



PdCAcAc)^ 


Dimethyl 




formamide 


PdCAcAc)^ 


Dimethyl 




formamide 


PdlAcAc)^ 


Dimethyl 




formamide 


Pd(AcAc)2 


Dimethyl 




formamide 


PdCAcAc)^ 


Dimethyl 




sulphoxide 


Pd(AcAc)2 


Dimethyl 




sulphoxide 


Pd(AcAc)2 


N-Me pyrro- 




' lidinone 


Pd(AcAc)2 


Pyridine 


PdCOAc)^ 


Dimethyl 




formamide 


PdSOj^ 


Dimethyl 




formamide 


Pd{ KQ3 )^ 


(0H)2 Dimethyl 




formamide 



other changes Conversion to 

1 ,7-oct&- 1 ,6-octa- 
aiene. % diene. % 

55.0 



Ho P 



5.8 



0JP in place of 5.»8 

(Cyclohexyl)^ in 18.0 
place of i-Pr^P 

81.0 

(Cyclohexyl)2P in 53.0 
place of i-Pr^P 



1.0 
U3.0 
0.9 
0.6 
2.0 
2.0 



UO.O 

0.6 
92.0 

37.0 
O.U 



U.O 



0.00ai39 
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EXAMPLE 3 

To an 80 ml glass-lined autoclave were charged 2.7 x 10"^ 
moles of palladiian acetylacetonate, x 10"^ moles of the 
phosphine listed helow, 10 ml of dimethylsialphoxide, I.85 x 10 
5 moles of formic acid and 2 g of butadiene. The stirred reactor 
vas heated to UO°C for 2 hours. The reactor vas then cooled 
and the product vas analyzed by gas chromatography. The results 
are shown in Table III. 

TABLE III 

10 



Fhosphine 


1,7 octadiene 
Conversion, % Selectivity, % 


(isopropyl)^? 


81 


97.5 


( cy clohezyl ) 




97 


(t-tutyl ) g-n-lJUtyl-P 


39 


99 


(sec-butyl)^ 


20 


98.5 


(t-butyl)^? 


66 


98.5 


(n-biityl)^? 


9.5 


86 


(n-propyl)^? 


k.O 


87 


(ethyl)^? 


6 


85 


(phenyl 


5.7 


86 



20 EXAMPLE k 

A zero-Talent palladium cosoplex vas prepared according to 

the teachings of W. Kuran and A. Musco, Inorganic Chimica Acta , 

Vol. 12, 1975. pp 187-193. 6.8 X 10"^ moles of Pd(o)-(tert.- 

—2 

isopropyl phosphine )2 complex, 1.85 x 10 moles of formic acid, 
23 10 ml of dimethyl sulphoxide and 2 g of butadiene were charged 
to an 80 ml glass-lined autoclave. The stirred reactor vas 
heated to 60°C for one hour, cooled and the product analyzed 
by gas chromatography. Conversion of butadiene to 1 ,7'-octadiene 
vas 8o.Uji in 97. 35^ selectivity. 



0008139 



CLAIM S 



1. A process for preparing 1 ,T*octadiene by bydrodimerizing 
butadiene in tbe presence of a pGLLladium catalyst, a tertiary 
phosphine, formic acid, a solvent and in the absence of a 
base% characterized in that the solvent is a diaUcyl sulphoxide 

3 and/or a dialkyl formamide and the tertiary phosphine is a 
phosphine of formula: 

vherein is a benzyl group or a branched alkyl, alkenyl, 
aralkyl or cycloalkyl group having from 3 to 10 carbon atoms 
10 with branching occurring at a carbon atom no more than two 

carbon atoms trooL the phophorous atom and and are R^ or 
independently are alkyl, aUtenyl or aryl groups having flx)m 
1 to 10 ccurbon atoms. 

2. A process as claimed in claim 1, characterized in that 
IS each alkyl group of the sulphoxide and/or formamide comprises 

trom 1 to 6 carbon atoms. 

3. A process as claimed in claim 1 or claim 2, characterized 
in that the sulphoxide is dimethyl sulphoxide or tetramethylene 
sulphoxide and/or that the formamide is dimethyl formamide. 

20 k, A process as claimed in any one of claims 1 to 3, charac- 
terized in that the reaction temperatiare is from O^C to 100°C. 
3* A process aa claimed in any one of claims 1 to chcurac- 
terized in that the amount of palladium catalyst is trom 1 to 10~^ 
molar. 

23 6. A process as claimed in any one of claims 1 to 5» charac- 
terized in that the butadiene is contained in a butadiene/iso<» 
butene/n-butenes stream from an oil pyrolysis unit. 
7* A process as claimed in any one of claims 1 to 6, charac- 
terized in that the tertiary phosphine is tri-isopropyl 

30 phosphine, tri-cyclohexyl phosphine, di-tert.-butyl-n-butyl 

phosphine, tri-secondary-butyl phosphine or tri -tertiary-butyl 
phosphine or a mixture of two or more of such phosphines. 
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8. A process €ls claimed in axxy one of claims 1 to T9 charac- 
terized in that the pcLLladiiua catalyst is palladitim acetyl 
acetonate, palladium acetate or palladiim sulphate. 
9» A process as claimed in any one of cledms 1 to 8, charac- 
terized in that the molar ratio of tertiary phosphine to 
palladium is at least 1, 

10, A process as claimed in any one of claims 1 to 6, charac- 
terized in that the palladium catalyst is FdiK^'R^^)^ or 
PdCR^RgR^)^* vherein , R^ and R^ are as defined in claim 1. 

11, A process as claimed in claim 10, characterized in that the 
palladium catalyst is Fd(0)-tri-isopropyl phosphine* 
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